Objectives: Authors hypothesized that building safe hospital systems to improve value-based surgical outcomes is predicated on workflow redesign for dynamic risk stratification, coupled with "real-time" mitigation of risk.
0.02) SCoC studies and overall hospital mortality in the medical/surgical
CoC study (risk-adjusted mortality index progressively declined in CoC study from 1.16 pre-CoC to 0.77 six months post-CoC implementation; significant at 75% confidence level). Case mix index was unchanged during study period in each campus. Nested study in validation cohort of hospitalwide versus surgery alone (observed/expected mortality index) demonstrated significant benefit to SCoC in intervention group. The mortality benefit was primarily derived from risk-stratified rounding and actively managing risk prone population in the PCU. Surgical intensive care unit, PCU, and total hospital patient-days significantly decreased in SCoC pilot study (P Ͻ 0.05), reflecting enhanced throughput. LOS reduction benefit persisted in SCoC validation and CoC studies. In addition to decreased LOS, cost savings were in PCU (range, $851,511-2,007,388) and top diagnosis-related groups, for example, $452 K/yr for diagnosis-related group 148. Conclusions: SCoC is patient-centered, outcomes-driven, value-based approach for hospital-wide surgical patient safety. The principles of this value paradigm are adaptable to other hospitals as demonstrated in our longitudinal study in 3 hospital systems, and the initial experience of CoC suggests that this model will have benefit beyond surgical hospital cohort. R eports from analysis of preventable harm in New York and Colorado/Utah hospital systems formed the basis of Institute of Medicine (IOM) report in 1998 that adverse events occur in 2.9% to 3.7% of hospitalizations leading to death in 6.6% and 13.6%, respectively. [1] [2] [3] When extrapolated to more than 33.6 million admissions in US hospitals in 1997, the data implied that 44,000 to 98,000 die each year from medical errors. 2 The IOM Quality of Healthcare in America Committee, formed in June 1998, developed recommendations for patient safety in a 4-tiered approach; the crux/ultimate target of all recommendations was "creating safety systems inside healthcare organizations through implementation of safe practices at the delivery level." 1 The impetus provided by IOM report generated a series of process-oriented and outcomes-driven approaches.
For the surgical patients, improvement in perioperative outcomes is predicated on improving team performance (eg, time-out/ check list), reliable processes (eg, Surgical Care Improvement Project, Institute for Healthcare Improvement), development and adherence to appropriateness criteria (eg, bariatric surgery), and development of comparative quality evaluation programs (eg, National Surgical Quality Improvement Program ͓NSQIP͔). 4, 5 Another mechanism to impact surgical quality is through multihospital collaborations focusing on salient process of care measures, in hospital outcomes and appropriateness of care. 6 Exchange of information regarding outcomes and analysis of causes of mortality resulted in reduction of mortality from surgical procedures. 7 Against this backdrop, we initiated a pilot study in 2001 termed Surgical Continuum of Care (SCoC) to assess the effect on in-hospital surgical patient mortality and cost effectiveness. This is conceived of as a microsystem or mesosystem intervention at hospital-wide surgical patient population, to reduce mortality by enhancing continuity and comanagement throughout hospital stay, minimize errors at transition points, increase throughput, and reduce length of stay (LOS). We hypothesized that SCoC will be an effective response to the IOM directive at saving lives through "safe practices" and "teamwork" for the surgical patient. In addition to mitigation of harm from medical errors, we conceived SCoC as a proactive medical/surgical collaborative management of patient cohort at risk for deterioration and preemptive attention to comorbidities. Although SCoC began as an error prevention strategy, it developed into a patient safety program beyond error prevention by an iterative process. Dynamic risk stratification and preemptive management of the high-risk cohort were enabled by an interdisciplinary stratified rounding. Early recognition of complications/physiologic deterioration was the goal of the pilot SCoC during the second year and beyond, during a time when the rapid response teams (RRT) were not the norm. Having developed the structure and content through a longitudinal pilot, and validated the SCoC benefits in a second health system, we have explored its applicability in a combined medical/surgical adult hospital cohort, continuum of care (CoC), and used a total electronic health record (EHR) platform to enhance its functionalities.
Our overarching hypothesis in 2001 was that a surgical patient with physiologic deterioration during the hospital course would have had a variable period of occult deterioration before the "critical event" that results in activation of code team for cardiopulmonary arrest (Fig. 1 ). When the critical event sets in, our ability to rescue the patients is very limited, and in the small cohort that survives, the quality of life is poor. During the "prodrome" preceding the critical event we posit that the clinical status goes through periods of "compensated stability," followed perhaps by "decompensating pseudostability," leading to "physiologic derangement." The salient goals of this model are as follows: system redesign to rescue this cohort before physiologic derangement occurs and predictive modeling to identify individual patients for acuity stratified proactive management.
METHODS

Study Design
Prospective implementation of a patient safety program with retrospective analysis of data. The study was carried out in 3 phases conducted in tandem.
Pilot Study of Surgical SCoC: pre-and postintervention in
Campus A, with sister Campus B serving as concurrent cohort control. 2. Validation study of SCoC in Campus C, with pre-and postintervention analysis, and nested analysis of intervention cohort versus entire medical center cohort. 3. Feasibility study of hospital-wide CoC in Campus D, with preand postimplementation cohorts, and risk-adjusted mortality index trending over time.
Intervention
Care delivery redesign with hospitalist comanagement of adult surgical patients in SCoC studies and hospital-wide adult population in CoC study. Cohorting of patients and floor-based multidisciplinary team building. Acuity stratified rounding, or HAWK rounding, with targeted response for mitigation of risk. Creation of safety net unit, progressive care unit (PCU), staffed by hospitalist, charged with quality and efficiency ownership.
Metrics
Mortality, LOS, cost, readmission rates.
Pilot Study
The pilot study was conducted between March 2001 and December 2004 in the Surgery Care Center at the Moses Division of Montefiore Medical Center, a 650-bed tertiary teaching hospital in New York (Campus A). This was the intervention group. The Surgery Care Center consisted of the patients admitted to the following surgical specialties: General Surgery, Dental/Maxillo-Facial Surgery, Otolaryngology, Minimally Invasive Surgery including Bariatric Surgery, Head and Neck Surgery, Orthopedics, Plastic Surgery, Urology, Neurosurgery, and Vascular Surgery.
Included in the study were all patients aged 18 years or older discharged from the Surgery Care Center between the years 1998 and 2004. Patients excluded from analysis included all cardiothoracic surgery and neurosurgery patients and surgical patients transferred to the medical service after surgery. The surgical inpatients were placed in one of the following areas based on their acuity levels: Level 1-patients admitted to the surgical intensive care unit (SICU); Level 2-patients admitted to the PCU; Level 3-stable patients admitted to regular floor beds; and Level 4 -palliative care patients. The 12-bed SICU had a 24/7 intensivist-led collaborative model of care with 16-hour per day in-hospital presence and 8 hours on call with critical care fellows in hospital. Beginning 2002, the SICU had 24/7 in-house intensivist presence. Admissions to and discharges from the SICU were decided by the intensivist. The PCU, initially a 9-bed unit (1998 -2002) expanded to a 12-bed unit in 2003. Admissions to and discharges from the PCU were determined by individual surgical attending physicians guided by hospital pol- 
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A Dynamic Hospital Risk Mitigation Model icy. Patient care was provided by respective surgical teams comprised of attending physicians, residents, and midlevel providers. Surgical emergencies and acutely deteriorating surgical patients located on the floors were taken care by the primary surgical teams with the support of in-house critical care fellows. The traditional code team led by the third year medical resident responded to cardiac arrest in surgical patients.
Implementation of the Pilot SCoC
The SCoC program was implemented in March 2001. Rational and description of the model was submitted to hospital executive leadership as a quality improvement initiative. Enquiry with institutional or institutional review board for exempt status was affirmed. The SCoC team included a critical care trained hospitalist who had the following roles:
(1) Coordinate the functions of the PCU and provide concurrent medical management for surgical patients; (2) Conduct/participate in daily rounds with surgical teams in the PCU; and (3) Be a resource to surgical residents on the floors to address early physiological deterioration of surgical patients and coordinate their care.
Surgical teams and nursing staff on the floors were instructed in respective staff meetings to call the hospitalist whether immediate assistance was needed or whether they had concern that their patient may deteriorate. The hospitalist responsibility included responding to these calls in a time-sensitive manner. Additional roles of the hospitalists included postanesthesia care unit rounding, daily triage of Level II patients, and functioning as the "gatekeeper" of the PCU.
The Weiler division at Montefiore Medical Center (Campus B), a 370-bed tertiary teaching hospital, served as the control group for the period 2001-2004. It had a 14-bed intensivist-run medical/SICU and a 3-bed PCU. The surgical patients at Weiler were cared for by the individual surgical teams comprised of the surgical attending physicians and residents. The surgical faculty and residents, under one department of surgery rotated between the 2 hospitals. Nursing in both hospitals was under the same administration.
The quality initiatives set forth by hospital administration were implemented equally in the 2 campuses during the study period, except for SCoC.
Validation Study
The validation study was performed between October 2005 and December 2008 at Long Island Jewish Medical Center (LIJMC), a 452-bed tertiary adult care teaching hospital (Campus C). LIJMC has a 14-bed ICU and 16-bed PCU shared by medical and surgical patients until 2007 when a dedicated 13-bed SICU was constructed for the surgical patients alone. Throughout the study period the SICU functioned as a closed-model SICU with 24/7 intensivist coverage with 12-hour in-house intensivist presence and 12-hour on-call with postgraduate year 4 and postgraduate year 5 surgical residents providing ICU care. In 2006, the model changed to 24/7 in-house intensivist presence with additional robotic telepresence of the day intensivist to establish continuity of care.
The SCoC program was planned in July 2005 and presentation made to the medical board in August 2005 as a patient safety initiative for approval. Institutional review board exempt status was obtained for SCoC implementation and for mortality analysis. Physician assistants (PA), recruited by the department of surgery to assist surgical resident teams to comply with 80 hours work week and outpatient experience, were representing their respective team patients during SCoC rounds. The SCoC team included 2 intensivists who dedicated 50% of their time as the hospitalist for the SCoC program and 1 full-time equivalent who acted as the director of PAs. The role and responsibilities of the hospitalist were identical to that in the pilot study within and outside of the PCU. The surgical teams consisted of attending, surgical residents, and PAs who conducted routine patient rounds daily.
The surgery care center consisted of the following specialties at LIJMC: Cardiothoracic Surgery, Dental Medicine, Obstetrics and Gynecology, Neurosurgery, Ophthalmology, Otolaryngology including Head and Neck, General Surgery, Urology, and Vascular Surgery. Inclusion and exclusion criteria were similar to the pilot study for the validation study period between October 2005 and December 2008.
During the validation study, patients were further stratified using specific criteria as "HAWKS," high-risk patients located on the surgical floors who require close attention and monitoring for impending deterioration, or "DOVES," stable surgical patients located on the floors or nearing discharge. We coined these terms: HAWKS for high-risk patients who needed to be "watched like a HAWK," and DOVES for patients who are stable and are expected to fly peacefully like doves during the hospitalization. The HAWKS were identified by the SCoC hospitalist with input from surgical teams during the multidisciplinary rounds and during the rest of the day. Criteria for HAWK status are the following: (1) Patients transferred from SICU/PCU to the floor; (2) Patients with 2 or more comorbidities: severe diabetes mellitus, renal dysfunction, chronic obstructive pulmonary disease, congestive heart failure, cardiac arrhythmia, and morbid obesity; (3) Complex surgical procedures, especially lasting for greater than 4 hours; (4) Need for intervention in postanesthesia care unit, for example, oliguria, hypoxemia, hyper/ hypotension; (5) Physiologic deterioration, metabolic disturbances disproportionate to the expected postoperative course as deemed by the surgical team, and (6) Nonoperative patients with high risk of deterioration (eg, pancreatitis with Ranson score Ͼ3). Daily multidisciplinary rounds, attended by nurse managers, case managers, social workers, resident/PA from each surgical team, SCoC hospitalist, and head PA were added in the validation study. The hospitalist or the PA located in the PCU did "HAWK" rounds on these patients every 4 hours, or if needed, more frequently until their status was upgraded to a "DOVE" by the hospitalist. The hospitalist also transferred the HAWKs to a higher level of care such as the PCU or ICU, if needed. The hospitalist or PA collaborated with the nurses and the surgical residents regularly with regard to the HAWKs, thereby increasing awareness of high-risk patients on the floors. Hospital-wide RRT were introduced by the hospital in 2006. The role of the SCoC hospitalist in the PCU was identical to the one in the pilot study. The physician extenders were mandated to attend the "Fundamentals in Critical Care Support" course. Surgical residents went through simulation-based training for management of acute physiological deterioration and central line insertions at the patient safety institute to improve their response to HAWKs.
Hospital-Wide CoC Study
The CoC study was done between June 2009 and November 2009 with data collected 6 months pre-and postimplementation of CoC for estimating the benefit of intervention.
The study was done at Geisinger Wyoming Valley Medical Center (GWV) located in Wilkes-Barre, PA, a 242-bed hospital (Campus D) serving as 1 of the 2 hub hospitals of Geisinger Health System. GWV had a 14-bed medical/surgical ICU with an open model progressing toward a intensivist-run closed model and a telemetry/step-down unit. All adult medical and surgical patients admitted to GWV during the study period were included. Cardiothoracic surgery patients and patients located in the Heart Hospital were excluded. The CoC program elements were presented to all stakeholders in multiple forums at Geisinger including the systemwide Clinical Operations Leadership Team, and System Leadership Council, Clinical Leadership Group, and Medical Staff meeting, Performance Improvement Committee and Nursing Cancer En-hancement Program, Heads of Departments, Hospitalist Group, Care Manager Group, and to individual physicians and private practice groups, during a 3-month period. On implementation of CoC, the following interventions were done to redesign healthcare delivery of inpatients at GWV. The redesign of this iteration of CoC consisted of the following: (a) Hospital anatomy redesign: (i) reorganization of hospitalist led, floor-based teams; (ii) aggregation (cohorting) of patients to specific floors based on medicine/surgery/specialties; and (iii) concurrent floor-based, standardized, multidisciplinary CoC rounds in morning hours; (iv) acuity stratified HAWK rounds on the floors at periodic intervals; and (v) real-time communication system programmed in Vocera technology (Vocera Communications Inc. San Jose, CA). A new 13-bed PCU was created and staffed by hospitalists with experience in critical care. Hospitalists were reassigned to be floor-based and charged with oversight responsibility for coordinating care and ensuring quality for patients in their assigned floor, in addition to their own patient panel. Hospitalist-led multidisciplinary rounds were conducted on each of the floors with nurses, care managers, pharmacists, dieticians, and physical/occupational therapists. A multidisciplinary rounding (MDR) tool was developed to facilitate and standardize rounds using the Epic EHR system. Vocera wireless communication devices were used for real-time communication between hospitalists and other stakeholders. The HAWK and DOVE system of risk stratification was also adopted with the addition of the HAWK identifier located in the EHR.
Data Collection
For the pilot SCoC study, the metrics measured were LOS of surgical patients and all-cause mortality of surgical patients in the ICU, PCU, and total surgery care center. Data were collected for the years 1998 -2004 from the office of planning and finance. LOS and mortality data were obtained from the hospital administration. The hospital used the PHAMIS Last Word healthcare information system. This is an integrated hardware and software system and consists of modular applications that collect, store, and organize patient central information as a single relational database that is used to support decision-making in patient care, finance, and administration. This system was queried to track surgical discharges by attending physicians within the surgery care center. The list of surgeons within the department of surgery was also obtained from the source database. Data acquired included the following: (1) Total number of patients in each unit each year; (2) Case mix index (CMI) as measure of patient severity/complexity for patients in these units; (3) average LOS in SICU, PCU, surgical floor; (4) Total hospital LOS for those patients with a stay in SICU; (5) Total hospital LOS for those patients with a stay in PCU; (6) Mortality in SICU, PCU, and floor; (7) Surgery care center mortality at Moses Campus 1998 -2004; (8) Surgery care center mortality at Weiler Campus1998 -2004; (9) Direct variable costs of patient care in 2004 diagnosisrelated group (DRG; in dollars) was used to estimate the cost of care delivered (direct variable costs includes nursing, pharmacy, laboratory, radiology, room, and board and excludes operating room, recovery room, surgeon, and other professional costs of care); At LIJMC, the mortality data were obtained from the Krasnoff that uses SPARCS data and filters on principal service "SURG." The O/E ratios for hospital-wide mortality compared with surgery and the readmission rates were obtained from the Premier Healthcare Alliance data system. The LOS data were obtained from monthly reports sent to the Department of Surgery from the clinical decision support system at LIJHS. At GWV the comparative mortality data between Campus D and the hospital-wide group (HWG) was obtained from the CareScience Quality Manager and Premier Healthcare Alliance QUEST databases. The LOS data were collected by the Siemens hospital financial database. In all 3 studies severity of illness was measured using DRG-weighted CMI.
Statistical Analysis
Data are presented as means Ϯ SD and proportions as appropriate. Continuous data were analyzed with the 2-tailed Student t test when normally distributed and with Mann-Whitney U test if they were not normally distributed. Proportions and rates were compared by 2 test or Fisher exact test. Since our sample sizes were large enough, there was little need to perform/report Fisher exact test, and the comparisons were done by 2 test. To estimate the effect of the SCoC on crude mortality, we conducted linear regression analyses of yearly mortality data before and after the implementation of the SCoC model; each year was treated as 1 data point. The goal of this analysis was to compare the slopes of the regressions analyses using the Student t test computed as the difference between the slopes divided by the standard error of the difference between the slopes to establish whether the implementation of the SCoC had a statistically significant impact on crude mortality. In the pilot study, the slopes for Ͻ2001 and Ͼ2001 were estimated by fitting a regression spline model with a single knot at the year 2001. Statistical significance was accepted to correspond to a 2-tailed P value of 0.05 or less. Statistical analyses were done with SPSS version 15 for Windows (SPSS Inc, Chicago, IL). 8 -10 QUEST High-performing hospitals is a 3-year large scale collaborative of 160 hospitals focused on accelerating the improvement of healthcare cost, quality and safety, which is lead by Premier and the Institute for Healthcare Improvement. 11 The safety measure includes a mortality ratio goal of achieving the top quartile of performance. Mortality is a severity-adjusted rate using the CareScience methodology. 11 Mortality is risk-adjusted independently and given its own expected outcome (risk) that is matched to the observed outcome (raw rate). The index (O/E Ratio) is then calculated from these 2 elements. Expected outcome rates for any facility or grouping of patients are based on the characteristics of those patients and a model of the relationship between patient characteristics and outcomes. The model is estimated statistically by means of regression analysis of a sample drawn from a defined population of hospital discharges. This comparative database includes approximately 14.5 million discharges from 570 acute care facilities in the Premier database. 11 The choice of relatively "low" significance (at 75% and 90% when compared with 95% and 99%) reflects the philosophy behind the Care Science risk model, that the data should drive quality improvement-that it should be highly sensitive but not very specific-in tolerating false positives to avoid false negatives.
RESULTS
Pilot Study
Hospital Mortality
Overall surgical mortality was the main outcome measure to demonstrate the benefit of SCoC. 
SICU Outcomes
Reducing SICU bed utilization and expanding PCU beds were part of the implementation plans for SCoC. Despite the fact that less acuity cases were admitted to PCU reducing SICU admissions, there was a reduction in the mortality in SICU post-SCoC: 8.2% during 1998 -2000 and 6.7% 2001-2004 (P ϭ 0.10) as shown in Table 2 . Even though not statistically significant because of the small denominator, the mortality reduction in SICU could be attributed to 24/7 staffing during this period, as well as reduced readmission to SICU attributable to SCoC. The efficiency created by SCoC outside the SICU resulted in significant reduction of total hospital patient days for patients being discharged from SICU to the regular beds or to PCU. Net cost savings resulted from reduction of SICU patient days and total hospital patient days of SICU patients.
PCU Outcomes
To improve patient outcomes from the regular floors, and to reduce SICU utilization, the number of PCU beds was increased from 9 to 12 with expanded criteria and on-site hospitalist, who collaborates with surgical teams. The increase in admissions to PCU during 2001-2004 (Table 3 ) was attributable to 2 groups of patients: the group of patients with lower ICU severity who were SICU cohorts during the pre-SCoC period; and HAWK patients brought into PCU for rescue from the regular floors. More cases during 2003 and 2004 in the PCU may reflect the following: (1) new program expansion (eg, neurosurgery, bariatric surgery, vascular surgery); (2) patients admitted for monitoring posthigh complexity procedures; or (3) postsurgical admission of high-risk population who were placed in PCU before transitioning to regular beds. Active hospitalist management interdigitating with surgical resident/attending-based teams enabled efficient discharge process. As PCU hospitalist participates in HAWK rounding; patients are managed as HAWKs on the regular floors until discharge, optimizing medical status and preventing deterioration.
PCU was the central focus for mortality reduction, with on-site hospitalist coverage possessing critical care training, interdigitating with surgical teams. This prevented delays in management of medical problems. In the pre-SCoC model, the patients in the PCU were managed by the respective surgical teams; the management sequence of patients requiring immediate attention followed the "classic" academic health center chain of command, namely, nurse paging surgical resident covering the floors, who intern communicates with surgical chief resident. This "delay chain" included calls to attending and requesting medical consultation. The hospitalist staffing of PCU obviated all these delays and the comanagement model between the PCU hospitalist and surgical teams established ongoing goals of care, improving efficiency, and reducing mortality significantly.
Outcome Summary of Pilot Study
The salient findings of the pilot study are summarized in Table 4 . The overall mortality in the "Surgery Care Center" at Campus A reduced from 1.4% pre-SCoC to 1.05% post-SCoC implementation, with PCU playing a major role in saving lives as the "safety net" location for transferring "HAWKs" from the floors and comanaging medical/surgical issues. As the total deaths in SICU each year post-SCoC was lower than the preimplementation years, it did not reach statistical significance. The significant improvements attributable to SCoC in increasing PCU throughput and reducing the LOS of patients transferred out of PCU and SICU (HLOS/P and HLOS/S, respectively) are shown.
Validation Study
Mortality Analysis
We compared the annual mortality rates for 5 years pre-SCoC (2001-2005) with 3 years' post-SCoC implementation (2006 -2008) shown in Table 5 . The regression of slope analysis showed a significant trend in benefit in mortality related to intervention, with a break in the slope between 2005 and 2006 (P Ͻ 0.02). The CMI remained virtually unchanged during the 8-year period. The overall surgical mortality rates for the pre-and poststudy cohorts were: 430/22,067 (1.95%) versus 191/11,934 (1.60%), respectively (P Ͻ 0.02).
As we demonstrated that the mortality reduction was not because of secular trend, we performed further drill down analysis using Premier dataset with the purpose of demonstrating SCoC mediated risk-adjusted mortality reduction. This SCoC validation analysis was performed as a "nested" study, comparing medical center-wide mortality with surgical DRG mortality, shown as riskadjusted mortality index from Premier dataset. Table 6 shows that medical center mortality index improved from 1. 
LOS Analysis
The LOS for surgical patients was analyzed both as monthto-date, as well as annualized, compared with budget, pre- Figure 2A and B. Figure  2A shows the monthly LOS for calendar year 2005: the actual LOS was consistently above budget by 0.4 to 0.5 days before SCoC. On seeking hospital medical board approval in August 2005, we implemented process redesign during September to November 2005: restructuring of team rounding, presentation of the program to surgical faculty and resident teams, reorganization of team PA roles, and team training. SCoC was implemented in stages between October and December 2005 upon recruitment of physician/PA leaders. The LOS benefit was observed in December 2005, immediately upon the start of multidisciplinary team rounds, and persisted for the rest of the study duration. Figure 2B also demonstrates 2 periods (July-August and October) with "beach erosions," the first period corresponding to the beginning of academic year with new resident teams and the second period requiring the cohort of surgery presentation of team specific data at the departmental conference seeking corrective behaviors. The LOS reduction in cohort analysis in Figure  3 shows that the LOS was actual greater than budget pre-SCoC, and actual less than budget post-SCoC; the actual LOS was 0.7 days below budget during the second year of SCoC.
Readmission Analysis
One final analysis performed in the validation study was to investigate whether the improvement in shorting LOS affected readmission rates adversely. We used the Premier dataset. The medical center had excellent readmission rates as shown in Table 7 in 2005 before SCoC implementation. In 2006/2007, there was no adverse impact on readmission rates; if any, there was improvement in readmissions as shown by the statistical significance of P ϭ 0.006, and P ϭ 0.004 for surgical readmissions in 2005, compared with P Ͻ 0.001 in 2006/2007.
Hospital-Wide CoC Study
After an assessment of feasibility of implementation and adaptability of SCoC to a hospital-wide medical/surgical cohort Table 8 . We performed a 1-year analysis (6 months pre-CoC vs. 6 months post-CoC): the risk-adjusted mortality index declined from 1.09 in pre-CoC cohort to 0.89 in post-CoC cohort. Because of the fact that this 6-month analysis does not provide sufficient data points, the mortality reduction was significant at 75% confidence level. Nevertheless, the clinical importance of lives saved transcends statistical significance. Figure 4 shows QUEST mortality drilldown report as a function of monthly data of Campus D, in comparison with top performance mortality index threshold of 0.89. As in the Care-Science report, this report affirms the benefit of CoC in progressively reducing risk-adjusted mortality to 0.77, below the top performance threshold.
Finally, CoC mirrored the SCoC in terms of LOS benefit as shown in Figure 5 .
Lives Saved and Cost
Our pilot data estimated that if SCoC model is implemented in all surgery care centers in the United States, 22 lives could be saved per approximately 400-bed institution. However, since the CoC model seems to benefit both medical and surgical cohorts, based on our recent HWG data, we estimate that approximately 10 lives could be saved in each 100-bed institution: based on the total bed strength in all United States-registered hospitals of 951,045, we estimate that the CoC model if fully implemented could save 95,000 lives per year. Any incremental staffing cost is overshadowed by overall cost savings from this program. In the pilot study, we 
DISCUSSION
Patient-centered care has been the axiom in IOM's definition of high quality health systems, commonwealth fund's high perfor-mance health system, and Medical Home model. 3, 12 Our SCoC/CoC model could be considered an acute care in-patient correlate of "Medical Home" model in outpatient primary care. 13 In the patientcentered Medical Home model, the practice takes ownership of timely, appropriate, and comprehensive care across the lifespan, delivered by a team of individuals led by patient's personal physician. The second cornerstone of the Medical Home model is patientcenteredness, with tailoring of care to meet the needs/preferences of patients. 13 The third aspect is new-model practice, emphasizing electronic clinical information technology. In essence, CoC model emphasizes all these 3 tenets in the inpatient setting: continuity through transition points, proactive intervention to preempt complications, and early recognition of deterioration for timely rescue, team performance, patient-centered tailored approach, and our more recent addition of EHRs platform for real-time information sharing and clinically effective rounding.
When we developed the SCoC, medical comanagement of high-risk surgical patients (pre-emptive care) and attention to signs of early deterioration (targeted response) were the salient components, before the popularization of the RRT concept. Earlier observations by Silber and Leape about "failure to rescue" and adverse events in hospitalized patients led subsequent investigators to auger in the concepts of RRT, medical emergence teams (MET) and critical care outreach teams to prevent cardiopulmonary arrest, admission to ICU, and reduce mortality. 14 -17 Silber et al, in their analysis of 5972 Medicare patients undergoing elective surgery, concluded that "failure to rescue" was associated more with hospital characteristics than with patients' admission severity of illness, and implied that hospitals providing better care succeeded in preventing sicker patients from developing adverse occurrences. 17 As single institutional observational studies suggested benefit, subsequent randomized trials and multi-institutional studies failed to uniformly confer advantage to RRT/medical emergence team. 16, 18 Although this concept was being tested for its rigor, it was already adopted across US hospitals as an early warning system to improve hospital patient mortality and cardiac arrests.
Because our SCoC and CoC programs involve proactive management of patients multidisciplinary teams and because the acuity stratified "HAWK" rounding addresses patient status prior to the physiologic deterioration, we hypothesize that the patients are seen frequently in the occult stage of "pseudo-stability" prior to reaching "physiologic derangement," that triggers RRT using either the standard criteria or modified early warning score. 19 Figure 6 is a working model demonstrating the "CoC" zone preceding the "rapid response" zone with earlier attention during disease progression pathway resulting in better return of investment both in terms of lives saved and cost of care. The addition of the formal "HAWK" listing in our validation study and further enhancement of this acuity stratification and quality rounding using EHR and formal MDR tool will enable us to bend the disease progression curve, enabling a wider window to improve mortality further (Fig. 7) . Another difference between SCoC and RRT is that, in RRT the team responding to physiologic deterioration often has no prior knowledge of the patient both pre-and post-RRT. The patients are either transferred to higher level of care or the care returned to the primary team. In SCoC, this "episodic" care is avoided, since the targeted response team has members of SCoC team, and there is continuity of patient care during the time around physiologic deterioration.
During the initial phases of implementation of both our pilot and validation studies, the common refrain from the practicing surgeons at these institutions was that the SCoC is focused on discharging patients too soon without consideration for quality and that the readmissions will increase. On sharing the benefits of SCoC on an ongoing basis, our colleagues became convinced that quality care is synonymous with shorter LOS and the readmissions did not get worse as a result of SCoC. In fact, although further studies will be needed to address the veracity of our claims, we feel that the snapshot of data on readmissions in our validation cohort suggests that the SCoC benefits readmission rates by medical optimization of the surgical patients prior to discharge. Lending weight to our suggestion are the studies addressing readmission diagnoses, especially among Medicare beneficiaries, that 70.5% of readmissions within 30 days of surgical discharge were for a medical condition. 20 Perhaps, attention to medical issues in the surgical cohort during hospitalization could have resulted in reduced readmission rates observed in this study. As the evidence is overwhelming that good quality care does not equate with expensive care, the associations are inconsistent between hospitals' cost of care and quality of care and between hospitals' cost of care and mortality rates. 21 Most evidence does not support that low-cost hospitals discharge patients earlier with higher readmission rates. 21, 22 Our data support that reduction in mortality, the overall measure used here for quality, is consistent with shorter hospital stay, and may in fact reduce readmission rates.
In a retrospective court study of Medicare fee-for service beneficiaries, comanagement of hospitalized surgical patients by any medical physician increased from 33.3% in 1996 to 40.8% in 2006, and this increase was attributable to comanagement by hospitalists, which increased from 1.71% in 1996 to 12.5% in 2006. 23, 24 The benefits of medical comanagement are notable in orthopedic/geriatric patients that include the following: reduced time to surgery, LOS and readmissions, fewer complications and transfers to ICU, increased likelihood to discharge home, and improved stakeholder satisfaction. [25] [26] [27] [28] [29] Patients cared for in major teaching hospitals were substantially less likely to be comanaged. 23 Since 1995 there has been a substantial increase in the care of hospitalized patients by hospitalists, with 37% of inpatient E&M codes in 2006 from Medicare sample set. 30 Hospitalists are increasingly involved in reducing LOS/costs, improving transition in care/readmissions, and enhancing quality; however, the evidence of benefit is conflicting in both observational and randomized studies. 31 Earlier studies of hospitalists in surgical literature were orthopedic surgery. 28, 32 Our study invokes hospitalists' role in improving perioperative outcomes and efficiency of inpatient care. Hospitalists served as the key group of physicians in medical comanagement of the surgical patients and staffed the PCU, HAWK rounding, and targeted response team. Integration of the CoC physician, a hospitalist with surgical teams and training in critical care (eg, FCCS training), had salutary effect in optimizing outcomes in our study.
MDR can be considered a tool or a sustained improvement implementation system, and has been used in ICUs and other specialized settings such as trauma management and cardiology, such as "AHA-get with the guidelines program." 33, 34 MDR is used in hospitals to improve discharge process and transitions of care (TOC), and increasingly to minimize readmissions. When CoC was introduced in our study in Campus D, there was already an established MDR, termed interdisciplinary team rounds, for TOC. The addition of clinical care/quality focus to the interdisciplinary team or TOC rounds and the implementation of CoC MDR tool to enable addressing all quality domains resulted in further improvements in mortality and LOS as shown in Figure 5 and Table 8 .
In the ICU setting severity scoring systems were purportedly not designed to determine when an individual patient should receive a specific therapy. 35 Examples of such scoring systems are APACHE, Mortality Probability Model, and SAPS 3. Severity scores have proved to be remarkably reliable predictions of shortterm mortality for cohorts of patients admitted with critical illness. 35 Our interest in-risk scoring is not only in predicting mortality probability, but more importantly stratifying the cohort at risk and individualizing timely intervention to mitigate the risk. Our approach of developing "actionable risk scoring" has iteratively improved in the 3 successive studies: from a subjective categorization of high-risk patients for PCU admission in the pilot study, to developing a paper-based "HAWK/DOVE" risk groups for acuity stratified rounding in the validation study, and now toward EHRbased "HAWK" stratification in the current CoC study. We are developing a composite numeric score utilizing validated scales (POSSUM, TISS) and perioperative comorbidities for predictive modeling and actionable rounding using EHR. 36 In an analysis of 84,730 patients undergoing general/vascular surgery during 2005-2007, using data from ACS-NSQIP, Ghaferi et al found that the difference between low-mortality hospitals and high-mortality hospitals are not in the incidence of complications, but in the mortality resulting from major complications. 37 This study supports the growing evidence, popularized by the study of Silber et al, "failure to rescue" as a measure of hospital quality. 17 Several factors come into play in these better performers: better/earlier recognition of clinical perturbations, faster communication, and availability of system resources and enlistment of protocols/care pathways to manage complications.
Because variation of surgical mortality is multifactorial, several approaches such as selective referral, process compliance, and outcomes measurement reflect different philosophies to improve surgical quality. 38 One tactic suggested to reduce perioperative mortality from high-risk surgeries is selective referral to high vol-ume centers. 39 Such regionalization is an impractical national health policy initiative, and further, since some community low-volume hospitals have good outcomes, this regionalization is unnecessary. A potential alternative paradigm to this approach has been suggested, namely, to focus referrals of high-risk patients only. 40 This may well be an option, but in the interim, an alternative equitable quality initiative is to enable all hospitals to risk assess patients better and improve perioperative care by tailored timely response. In this regard, in addition to our proposed approach of local, iterative process improvement, surgical collaboratives based on hospital groups such as NSQIP, SCOAP, and Michigan Surgical Quality initiative have generated quality improvement strategies. 37, 38, [41] [42] [43] Our study has several imitations. In a longitudinal study, secular trend, despite efforts to control, may still be a confounding variable. The Institute for Healthcare Improvement advises that linking the effect of interventions by individual institutions to the number of lives saved should be done with caution, because the confidence intervals of the mortality numbers are bound to be large, and appropriate adjustments for secular trends and case mix are often missed. 44 We have attempted to correct for these limitations to the best of our ability, short of a randomized controlled trial with a control hospital without changes in quality measures other than SCoC/CoC, because such an randomized controlled trial will be unethical. Both in our validation and CoC cohort, we compared mortality benefit using standardized mortality ratios. Such standardized mortality ratio and CMI assume "constant risk fallacy"; however, these are not bias-free, because of potential "differential measurement error" and "inconsistent proxy measures of risk." 45 One of the effective methods of creating a culture of safety and sustainability of quality initiatives is education. Education modules to change physician practices with emphasis on quality through evaluation of outcomes are increasingly emphasized. 46 Educational programs, sponsored by American College of Surgeons, founded on principles of continuous professional development and practice-based learning and improvement, involve a 4-step cycle that encompasses outcomes and quality. 47 Simulations and simulators are key to acquisition and maintenance of skills, learning patient management through physiologic scenario development and improving team performance. We incorporated simulation-mediated performance improvement during our validation study by the creation of a basic curriculum for surgical residents and physician extenders and building new scenarios based on patterns of morbidity/mortality by annual and ad hoc reviews of failures. This is still work in progress, and will be important in the refinement of the current CoC model.
Our study demonstrates that a redesign of a hospital care delivery model to focus on mortality reduction (outcomes-driven) with acuity-stratified rounding and multidisciplinary team building coupled with targeted response based on dynamic risk profile of individual patients (patient-centered) can be accomplished with cost effectiveness (value-based). The tactics of accomplishing the overall strategic goals can be tailored to suit the local milieu of individual hospitals and systems with clinical effectiveness. Listed are some of the lessons learned for the success of SCoC/CoC: (a) flexibility in staffing model (ICU outreach with hospitalist staffed PCU in our pilot; intensivist/hospitalist with PA coleadership is validation; and floor-based hospitalist-led team approach in hospital-wide CoC study); (b) need for leadership approval and buy-in from all constituencies through individual and group discussions during implementation; (c) education and teambuilding across all stake holders such as MDs, PAs, nursing, care managers, etc; (d) periodic feedback communication at hospital-wide meetings; and (e) demonstration to the surgeons that their "ownership" of patients and referral relationships are not abrogated by implementation of medical comanage-
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A Dynamic Hospital Risk Mitigation Model ment, and that this is a quality improvement program. This model of SCoC for surgical cohort and CoC for overall hospital adult patient population is complementary to other reliability science paradigms such as ProvenCare. Generalizability of our basic principles is evidenced by its use in 3 disparate systems and in settings that are resident-based, PA-based, and hospitalist-based. Our ongoing studies in CoC will further refine the system's redesign in EHR platform and personalized medicine for individualizing care to each hospitalized patient using predictive modeling and real-time risk mitigation with effective communication. Of course, the holy grail is how to enhance quality with concurrent reduction in cost beyond reducing LOS, because "cost" is an elusive target.
the worst hospitals, but that the failure-to-rescue rates were 2 to 3 times higher in the worst hospitals (the bottom 20%). Silber and others at Penn, almost 20 years ago, pointed out that this failure to rescue was a hospital systems issue more than a doctor or a patient issue.
What Dr. Ravikumar et al have suggested is that by reengineering the way we provide postoperative inpatient care, we can decrease mortality, decrease LOS, maybe even save a little money. The authors acknowledged the lack of a prospective randomized design and the possibility of cofounding variables or even the Hawthorne effect, but they tried to address this with a cohort 3-phase study.
I have 4 brief questions for Dr. Ravikumar. First, during the validation study, there were 191 deaths in the intervention group and 436 deaths in the larger, preintervention group. Did you conduct any peer review or case analysis on a sample of these deaths to see whether there really were fewer preventable deaths in the intervention group?
Second, how do we define the HAWKs; that is, those patients that bear closer monitoring or treatment? What are the most meaningful quantitative variables that help us identify these patients?
Third, can we accomplish the same thing that you described with telemedicine?
Finally, are there cohorts of patients for whom this makes more sense? For instance, it makes perfect sense to me that my orthopedic colleagues' patients could benefit measurably by being seen postoperatively by a nonsurgical hospitalist, but I find it a little harder to believe that my own patients would benefit similarly. Shemin's comment about cost. We recently established a similar system in Brooklyn: Early activation of codes, RRT, a closed ICU, and surgical hospitalists on call at night who regularly round through the recovery room, all the step-down beds, all the ICUs, and the emergency room. We found an increased utilization of the operating room at night, and more rapid time to the operating room. However, one of the things we found was the relative value units for the surgeons that are on call are pitifully low, which confirms that this is not a very cost-effective way of utilizing surgeons.
Do you have any relative value unit data on your hospitalists? How did you get the hospital to buy into this expensive concept?
DR. HENRY PITT (INDIANAPOLIS, INDIANA):
The Leapfrog group suggested that ICU attending physicians are also an important part of this equation, not just the hospitalists. At Indiana University Hospital, when our group arrived several years ago, there was no dedicated surgical ICU team or house staff. Thus, one of the early changes implemented was the creation of a surgical ICU attending surgeon and house staff team. Over the past 5 years, we have clearly been able to show that the ICU observed-to-expected mortality ratios improved and that the overall surgical mortality improved. At your various institutions, did you already have ICU attending physicians? Did the presence of ICU attending physicians play any part in your improvement in mortality?
DR. STEVEN C. STAIN (ALBANY, NEW YORK): It would appear that the surgeons may be abrogating some of their postoperative care for their patients. That may have some important implications if payers decide to uncouple technical parts of the operation and their postoperative care.
Were there other changes in the hospitals that may have contributed to the improvement in their outcomes besides the additional continuity of care that was provided?
DR. LAWRENCE WAY (SAN FRANCISCO, CALIFORNIA): I have a similar comment. Last year, Dr. Marco Patti and I presented a article before the Association. We studied the state of California database for 3 major operations and found that the morbidity and mortality rates associated with these procedures decreased gradually and continually over the 15-year period that we studied; whether the hospitals used special programs, whether they were high-volume hospitals or low-volume hospitals or academically affiliated or nonacademically affiliated. We attributed this trend to some kind of systems effect complexity, but if a new program is started with this wave sort of rolling the way, you will need to use some kind of control to isolate the benefits of the program against the trend.
DR. THANJAVUR S. RAVIKUMAR (WILKES BARRE PENNSYLVANIA):
Dr. Dempsey asked about mortality analysis pre-and postintervention in our validation study. Although we did not perform mortality analysis in the preintervention cohort, we did analyze our mortalities in the postintervention period, using a relational access database to group them into preventable versus nonpreventable. The causative factors in preventable mortalities were then grouped into team factors, technical factors, etc. We then used a simulation center for corrective actions, that is, team building, technical skills, training, etc. In addition, this led my residency program director to develop a patient safety curriculum that included creation of physiologic scenarios in our simulation center; such postoperative scenarios included myocardial infarction, occult bleeding, ARDS, cardiac tamponade, and sepsis. This strategy is useful in our iterative process redesign to identify areas for improvement by looking into our failures.
DR. DEMPSEY'S second question related to defining the HAWKs. It began with a subjective assessment of high-risk patients from the multidisciplinary rounds between surgeons and hospitalists. This evolved into a better clinical science, with the HAWK listing comprising: any patient discharged from ICU; patients undergoing complex surgical procedures especially with increased blood loss; those recovering postoperative intervention during the first 4 hours (eg, oliguria): Moreover, we are in the process of creating a numeric scoring system based on a combination of known physiologic scores such as POSSUM and criteria developed by our mortality analysis. We hope to load the scoring methodology into our EHR, to develop actionable items using decision support tools based on patients' composite risk profile. This will standardize our HAWK listing and rounding.
In response to the third question related to telemedicine, we did, in fact, pilot the use of InTouch Robot from remote rounding by our CoC physicians, at all hours including the middle of the night; it may by a cost-effective strategy to use telerounding instead of additional full-time equivalent.
With regard to the fourth question about the benefit in orthopedics versus other specialties, orthopedics is indeed the first specialty in which the surgical hospitalist movement found its relevance almost 20 years ago. Huddleston et al 28 reported the benefit of hospitalist-based efficiency improvement in orthopedic surgery. However, the role of hospitalists described in our program will have a much broader impact not only in all specialties, but in The CoC provides a safety net when we are all busy in the operating room and must leave the lowest man on the totem pole to cover the floor and adverse events happen before we return for evening rounds; thus the CoC is a 24/7 proactive safety net program, creating enhanced bedside care analogous to a virtual ICU. The questions posed by Dr. Shermin and Dr. Zenilman related to financial impact. I shared with you 2 snapshots of financial benefit, one PCU-based and the other DRG-based. This is an underestimate of the benefit of CoC program that more than pays for the investment. Based on 5815 registered US hospitals with about 950,000 beds, this CoC program can potentially save 92,000 to 94,000 lives per year with no incremental cost at the minimum, and probably with cost savings. Dr. Zenilman, we have not used surgeons as hospitalists in our program.
Dr. Pitt asked about the ICU contribution in mortality reduction. For all of the hospitals in which we performed the study, we achieved either actual or virtual leapfrog criteria of 24/7 ICU coverage. Our goal is not to impact on ICU, and the mortality benefits we presented, were all outside of the ICU setting. We further showed that the CoC program can reduce ICU utilization by moving patients into PCU, who would otherwise have been admitted to ICU.
In response to Dr. Stain's comments, I again wish to emphasize that this program is not intended to make surgeons abrogate their postoperative responsibility, but rather act as a safety net built around the surgical program. Dr. Stain and Dr. Way asked about how we controlled for beneficial impact resulting from other safety/ quality measures occurring concurrently. We did our best to control for the secular trends. We used comparator hospitals in the same system as controls in the pilot study or used a nested design of surgery versus whole hospital in the validation study wherein the whole hospital served as a broad-based quality improvement strategy while surgery alone used the CoC intervention. More recently, we used national risk adjustment models such as QUEST and CareScience for intervention-based time trend comparisons. Our goal is not to compare one hospital versus others. Rather, to measure the benefit of our real time risk mitigation program by repeated comparisons with national hospitals for risk-adjusted mortality index improvement.
